Individuals with high heart rate variability tend to have better emotional well-being than those with low heart rate variability, but the mechanisms of this association are not yet clear. In this paper, we propose the novel hypothesis that by inducing oscillatory activity in the brain, high amplitude oscillations in heart rate enhance functional connectivity in brain networks associated with emotion regulation. Recent studies using daily biofeedback sessions to increase the amplitude of heart rate oscillations suggest that high amplitude physiological oscillations have a causal impact on emotional well-being. Because blood flow timing helps determine brain network structure and function, slow oscillations in heart rate have the potential to strengthen brain network dynamics, especially in medial prefrontal regulatory regions that are particularly sensitive to physiological oscillations. 
Introduction
Having high heart rate variability (HRV) is associated with higher emotional well-being [1] [2] [3] , including being correlated with lower levels of worry and rumination [4] , lower anxiety [5] , and better regulated emotional responding [6] . Thus, individuals with higher HRV appear to be better at regulating their emotions. However, it is not clear from these correlational studies if HRV is simply an output measure of regulatory brain health, or whether it somehow increases prefrontal regulation effectiveness. In healthy individuals, high HRV is not simply the result of random variability. Instead, much of the variability is due to the heart responding to physiological oscillatory signals such as breathing and blood pressure feedback, such that heart rate slows down and speeds up in a rhythmic fashion at certain frequencies. In this paper, we review findings that suggest that such oscillations in heart rate play a causal role in improving emotion regulation processes. Furthermore, we propose that high amplitude oscillations in heart rate modulate brain oscillatory activity, especially in brain regions associated with emotion regulation, and that daily episodes of synchronized activity within these networks can lead to enhanced functional connectivity strength in these emotion regulation networks even when HRV is not high.
Links between HRV and brain regions involved in emotion regulation
Emerging research indicates that emotion regulation and HRV are associated via the brain regions shared by both systems [7] . For instance, in a meta analysis, HRV was significantly associated with regional cerebral blood flow in ventromedial prefrontal cortex (including anterior cingulate regions) and the amygdala [7] . In both younger and older adults scanned while at rest, higher HRV (measured using the root mean square successive differences; RMSSD) was associated with higher medial prefrontal cortex and amygdala functional connectivity ([8] ; see also [9] ), a pattern associated with emotion regulation [10] . In addition, among younger and older adults, greater structural thickness in prefrontal regions was associated with greater HRV ([11] ; see also [12, 13] ).
Inducing high amplitude oscillations in heart rate improves emotional well-being High HRV could be associated with better emotion regulation simply because the same brain regions are involved in regulation of both systems, allowing HRV to serve as an indicator of the functioning of brain regulatory systems. However, recent findings (for review see [14] ) suggest that HRV itself influences brain and emotional function. In these studies, participants are taught to increase their HRV by breathing at around 10 s per breath. This .1 Hz frequency is a 'resonance' frequency at which paced breathing induces oscillations in heart rate at an especially high amplitude [15] . Figure 1 shows an example of heart rate at rest in a healthy individual (panel A) followed by heart rate during paced breathing at their resonance pace (panel B). In resonance breathing HRV biofeedback studies, participants get feedback on how successfully they are increasing heart rate oscillations [15] . They typically engage in HRV biofeedback for at least 20 min a day for several weeks. A recent meta-analysis of 24 studies revealed that HRV biofeedback reduced self-reported
